tin ct from th a t in th e secondary layer, where the cellulose chains lie in steep spirals and in w hich, as shown in the present paper b y an optical m ethod, the chain direction is more or less uniform throughout the whole thickness o f the layer. There is no significant correlation betw een these tw o directions o f orientation.
This pseudo-transverse orientation in the prim ary w all n ecessitates re-exam ination o f the coim exion betw een secondary w all structure and tracheid length, established b y the writer in 1934 and at th a t tim e ascribed to changes in prim ary w all structure which the present paper shows cannot occur.
The opportunity is taken o f exam ining som e o f the current ideas concerning the m echanism o f orientation in prim ary w alls, and it is pointed out th a t th e m echanism m ay involve the cytoplasm ic surface.
In the cam bial initial, as in growing cells in vestigated b y other workers, elongation does not apparently involve any change in the orientation o f the cellulose chains. The im plications o f th is are briefly discussed, and it is show n th a t m uch needs to be know n about the detailed organization o f these w alls before this m aintenance o f pseudo-transverse orientation can be com pletely understood.
I n t r o d u c t i o n
Of late years, a good deal of evidence has accumulated th a t the prim ary walls of plant cells, in the sense used by K err & Bailey (1934) , differ materially from the secondary layers which may later be deposited on them in th a t the cellulose chains of which they are composed lie approximately transversely to the cell length. This is naturally no easy m atter to substantiate; the walls concerned are thin, with usually a low cellulose content embedded in pectic or waxy substances and probably considerably dispersed. The birefringence is therefore low and the cells are hardly such as can be m ounted in the X -ray spectrometer. In particular, it is not easy to obtain uninjured single walls for optical determinations, and it is not always clear th a t this has been attem pted. Nevertheless, it appears th a t in cotton hairs (Ander son & K err 1938) , stam inal hairs of Tradescantia (van Iterson 1937) , parenchyma cells of hypocotyls (Ruge 1938) , sclerenchyma a t some stages (Preston 1941a) , collenchyma a t some stages (Majumdar & Preston 1941) , the arms of stellate pith cells in Juncus (Maas Geesteranus 1941a, b) and in other elongated cells with pri m ary walls (see Frey-Wyssling 1945) , the probability is th a t the cellulose chains tend to lie transversely. This is not to suggest at the moment th a t all primary walls can be fitted into this class-clearly w hat appear to be prim ary walls in some cases or a t some stages can have chain orientations of quite a different kind (e.g. Preston 1941a; M ajumdar & Preston 1941) , and there is good evidence th a t some so-called transverse striations, sometimes used as evidence for the existence of transverse chains, can be actually artefacts, probably of the nature of folds (Mar tens 1938; F arr & Sisson 1939; Meeuse 1941 (whose arguments, however, lose some of their force in view of the work of Sinnott & Bloch 1944 , 1945 )-bu t the structure does seem to occur w ith frequency sufficient to encourage speculation as to its cause and to stim ulate examination of further cases in order to establish the range of its applicability.
As far as the present writer is aware there has been so far only one brief reference to direct attack on the walls of cambial initials (van Iterson 1935) , in which it is stated, however, th a t the cellulose chains he transversely. A good deal of indirect evidence has led to other suggestions which have remained speculative rather th an confirmed. Thus Jaccard & Frey (1928) , in attem pting to explain the differences between tension and pressure wood in conifers, were led to the speculation th a t in the cambial initials the cellulose chains run in a spiral in the wall, closely resembling in this respect, therefore, the secondary walls of the m ature tracheids to which they eventually give rise, a concept which was later found to harmonize satisfactorily with the views of Sponsler (1929) and others on wall deposition as a pseudo crystallization. The present w riter adopted this suggestion in an attem p t (1934) to explain the relation between the average tracheid length in any one annual ring (L) and the average angle 6 between their cellulose chains and the long axis of the cell (L = K cot 6). I t was then easy to see how the elongation of the cambial initials, stretching the spirals in their walls a t constant girth, would give rise to ju st this relation, under the assumption th a t the directions of the cellulose chains in the last lamella of the prim ary wall govern those in the secondary wall. One could think, then, of the prim ary walls in young initials having molecular spirals which are rather flat, and the spirals would be pulled out straighter as the cell elongated. I t follows, since cellulose is not indefinitely extensible, th a t the outer most lamellae of the prim ary wall which had undergone elongation might have yielded, perhaps torn, the steepening being carried on by inner lamellae. This was supported by infrequent observation in living m aterial of steeply spiral markings which appeared to lie on the inner faces of the initial walls.
The growing cambium is not, however, a tissue which lends itself to easy identi fication. There are on either side of it cells in stages of differentiation into xylem and phloem, and these are not always easy to distinguish from cambium proper. The prim ary wall remains, however, as the outerm ost layer in these differentiating cells and in the m ature tracheids, and it is perhaps here th a t one finds the readiest means of studying this tenuous structure. There is certainly the added complica tion th a t this prim ary layer remaining round the tracheid may have undergone some modification during this differentiation process, b u t this m ay not be a factor of any major importance. In the previous work of the writer, whole cells were examined which had been slit open after a good deal of cell debris had been removed. Recently, in examining such debris for quite another purpose, occasional observa tion was made of delicate lamellae standing out from torn pieces of wall, and it is reasonable to suppose th a t these are fragments of the prim ary layer. In many cases only the outermost lamellae of the secondary layer remain attached to these delicate membranes. Here, therefore, there is a chance, not only of determining the structure of the prim ary layer, but also of making the thorough optical deter minations necessary to elucidate the structure of the outer lamellae of the secondary wall. I t is the purpose of this paper to examine the results of a study of such fragments. I t will be shown th a t the prim ary layer is wound with cellulose chains running in very flat spirals, and this will necessitate a reconsideration of the processes of growth which were hitherto assumed to occur in explanation of the relation L = K cot 6. The opportunity will also be taken of examining some of mechanisms suggested in the literature for the deposition of chains in a more or less transverse position in elongated cells.
The determination of the structure of the outermost lamellae of the secondary layer demands some theoretical consideration of the optical features of crossed crystalline plates, and this will be briefly discussed first in order th a t the results of the work to be presented later may be critically examined.
O p t i c s o f c r o s s e d c r y s t a l l i n e p l a t e s
In a single flat lamella of any anisotropic substance such as cellulose there exists, for a ray of light normal to the surface of the lamella, two directions in which light can vibrate, lying in the plane of the lamella and a t right angles to each other. The light is therefore propagated through the plate as two rays, and these have different refractive indices. These may be designated and na (ny > na) , and, in a cellulose lamella whose cellulose chains point in one direction only, the ray of refractive index ny is vibrating parallel to this direction. I f d is the thickness of the lamella, the rays traverse paths of optical lengths n yd and nad respectively, as they pass through the plate, so th a t one ray lags behind the other by a length of path equal to ( n y -na) d. This is referred to as the path diffe be defined completely by stating the path difference and the azimuth 6 of the ny direction to some fixed axis. For present purposes the path difference is best transform ed into the phase difference (ny -36 of wave-length A), giving an angular instead of a linear measure. If a second plate w ith param eters O' (n^ -n ' f j . d ' . 360/A is now superposed on the firs optical character of the compound plate can be calculated; bu t in general this does not behave as a single crystalline plate unless the two phase differences are small. Conversely, if the optical properties of one lamella and of the compound plate are defined, then the characters of the other lamella can be calculated. I t is this latter case which is discussed here, though the m athem atical treatm ent of the two cases is obviously identical. The following is a brief summary of the treatm ent for the former case. For a fuller treatm ent the work of Poincare (1892) can be con sulted.
In a plane wave of parallel monochromatic light propagated in a transparent medium along the z axis ( figure 1) Clearly, when A -A' = 2tt the ellipse degenerates into a straight line whose in clination to the x axis may be defined as \Jr = ta n -1 £.
I f therefore £ and y be plotted on an Argand diagram (figure 2) contains all rectilinear vibrations and the £ axis corresponds to ellipses whose axes are parallel to the x, y axes for which the axial ratio is y. In parti Cr, Cx (figure 2) which correspond to £ = 0, 1 represent two right and left circular vibrations. Now transpose the points in the £, plane by stereographic projection on to a sphere grazing the origin and of unit diameter and call the projection of the £ axis the equator. Then the poles of the sphere correspond to the points Cr, Cx, i.e. to circular vibrations. Other points transpose into corre sponding loci on the spherical surface. This now gives a very simple picture of the changes which occur in a vibration ellipse by change in the relative phase retarda tion of its components. If a retardation of V against U (.A is introduced (i.e. the light passes through a crystalline plate), then this is expressed analytically by multiplying V/U by e~iAi , and this factor means a rotation of the £ an angle A x. This implies an equal rotation of the sphere around a diame pendicular to the £, y plane. If, therefore, one takes any two perpendicular vibra tions which compound to an ellipse whose characteristics can be represented by a point P in the £, y plane and therefore a point P ' on the sphere, then the new ellipse produced by the introduction of a relative phase retardation of one vibration over the other is represented by a point P" obtained from P ' by a rotation of the sphere through an angle A x. If, now, a further relative retardation is applied, along two other directions, x' and making an angle a 12 with the axes x and y (i.e. the vibrations pass through a second plate whose principal axes lie a t an angle a 12 to those of the first), then this corresponds to a further rotation of the sphere, b u t about some other axis in the equatorial plane corresponding to the new axes x' and y '. The direction of this axis may be found by rotating the sphere round the polar diameter through an angle 2a12 (since this rotates the ellipse through a 12). Thus, representing the original vibration as a point Px on the equator, (figure 3) one obtains the effect of passing the vibration through two crystal plates, relative retardations A x and A2 crossed a t an angle a 12, through an angle Ax and then about D 2 through an angle A 2. The resultant point P2 can obviously be found by a single rotation from Px through an angle A about some axis making an angle 2ax with Dx (or 2a2 with Z)2). Since the axis is not equatorial, the plate combination does not correspond exactly to a single crystalline p la te ; and since rotation about any axis can be resolved into a rotation about an equatorial axis and one about the polar axis, the plate combination clearly corre sponds to a single normal crystalline plate plus a second circularly polarizing plate. Only when the values of A x and d 2 are small can the latter when the spherical triangle degenerates into a plane triangle and calculation is simplified. Providing, however, th a t one of the retardations is small enough, the values of A and ccx can be calculated with sufficient accuracy by simple spherical trigonometry. I t follows, therefore, th a t if the retardation of a compound plate and the direction of its axes are given, and if the retardation and axial directions of one of the components are known, then the retardation and axial directions of the second component may be calculated; provided always th a t the intensity of the compound plate a t 'extinction' is negligible. This is the procedure involved in the following pages.
F ig u r e 2 M e t h o d s
Thin longitudinal sections of Finns insignis were m acerated carefully by alter nate chlorinations and treatm ent with hot sodium sulphite as recommended by Norman & Jenkins (1933) for lignin removal. After maceration, the tracheids were shaken vigorously in distilled w ater with glass beads until microscopical exam ina tion showed a large percentage of fractures among the cells. The m aterial was then stored in alcohol. Im m ediately prior to examination the cells were transferred to distilled w ater and mounted on a slide designed especially to allow a film of w ater between slide and cover-slip sufficiently thin to prevent movement of the cells, yet free from risk of evaporation. Since it was hoped to carry out refractive index determinations, cells were also examined in xylol-monobromnaphthalene mixtures in order to allow path difference determinations strictly comparable with the refractive index measurements. The slides were then searched for cells in the condition illustrated in figure 4. In this condition the cell is cut open so th a t one wall is left free for observation; in the same region, p art of an outer layer, a, has been stripped off the wall fragm ent lying perpendicular to the slide (or, better, and as illustrated, p art of the secondary layer visible in face view has been stripped off, leaving the underlying layer). Thus the outer layer is available for optical determination. F urther than this, however, the whole wall, 6, can be examined and the phase difference and m ajor extinction position of the inner wall layer can then be calculated. The importance of this lies in the fact th a t if the striation direction of this latter layer is known, then it can be checked against the calculated major extinction position. If the two are identical, then this inner layer m ust be uniform in major extinction position and therefore in cellulose chain direction. I f they are not, then this inner layer is heterogeneous. One can therefore determine not only the fine structure of the outer lamellae in the tracheid wall but also demon strate whether the inner layers of the wall are homogeneous or not. A rigorous optical method is therefore available as a check on the pronouncements made in the first paper in this series (Preston 1945) , largely following the examination of X -ray data.
F ig u r e 4 . D iag ram m atic rep resen tatio n of a dissected trach eid . T he u p p er wall has been d is sected off in th e u p p e r p a r t of th e trach eid , w here a lam ella is stan d in g o u t from th e rem aining frag m e n t of th e lower wall. This lam ella, a, represents, therefore, one cry stal plate an d th e whole w all, b, th e com pound p late. S triatio n s are show n b y full lines, regularly spaced for clearness of figure.
R e s u l t s

A.
The outer layer. The results as a whole are presented in table 1; moment we are concerned with columns 2, 3 and 4 only. The extreme tenuity of these delicate lamellae and the strict correlation between major extinction position (m .e .p .) and striation direction (whenever the latter could be measured) make it highly probable th a t they are uniform in thickness as regards cellulose chain direction, and th a t the major extinction position therefore defines the orientation of the cellulose chains.* As shown by the figures in table 1, therefore, the chain direction in the outer layer is never far removed from the transverse, and the average inclination to the long axis of the cell, 79-3° ± 0-5° (60 observations, see p. 211), would imply th a t the chains usually run in a flat spiral. I t is therefore I established beyond doubt th a t in this species the tracheid is wrapped with an outer | layer whose cellulose chains run more or less transversely. In the first paper of this series (Preston 1945) it was shown th a t the outermost lamellae of the secondary layer are identical in cellulose chain direction with the rest of the secondary layer, 
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and if this conclusion stands then it follows th at this tenuous outer layer with I transverse chains must lie outside the secondary layer; it must therefore be primary. 1 This is supported by the following facts. The average phase difference of the layer | is 8*9° ± 0*6° (30 observations); the mean path difference is therefore 14-1 ± fOm/t, 1 denoting a thickness probably between 0-23 ± 0 0 2 //, (if the specific double refrac-1 tion of the cellulose is 0-06) and 0-46 ± 0-04/i (if angular dispersion has reduced the j specific double refraction to 0*03). Even the higher of these figures is much less 1 than the average thickness of the outer lamella in the secondary layer (1*32 ± 0*05 I Preston 1945), and is about what might be expected for the primary layer. Again, 1 some cells may be observed in which the borders of a pit have been removed, leaving | the pit membrane open for observation-or the tenuous lamellae themselves some-1 times show faint circular areas which are obviously pit membranes. The average phase difference of these membranes is 6°. Considering th at the cellulose in the 1 pit membranes may well be distorted by the presence of plasmodesmata, this compares favourably with the 8-9° recorded above for the outer layer. Lastly, there is the mere presence of these circular pit membranes in the outer layers. These are commonly completely unbordered but occasionally possess a slight border whose path difference is then higher than any recorded anywhere else in the layer.
Remembering th at deposition of the secondary layer commonly begins at the pit border, one may again conclude th at the layers are primary walls. This affords the clearest evidence th a t the cellulose component of the primary layer of tracheids consists of chains which are oriented in a slow spiral which on an average makes an angle of some 11° to the transverse plane.
B.
The secondary layer. The outer layers which have thus been desi primary often show faint striations, as indicated in table 1, and these are frequently continuous into the region covered by a secondary layer. Here, however, the striations are more marked in some cases, and it remains therefore to determine if this more pronounced development of striations is due to the presence in the secondary layer of thin lamellae in which the cellulose chains also run in a flat spiral. In all secondary walls a steep set of striations is observed when the cells are mounted in water and, assuming th at these represent cellulose chain direction, it may be concluded, in harmony with previous work, th at the bulk of the secondary layer is wound with cellulose chains running in steep spirals. As will be clear from table 1, the major extinction position of the whole wall thickness (including the outer layer) lies always along a spiral which is flatter than th at of the steep stria tions. This is what would be expected in a wall consisting of two superposed crystal line plates with non-coincident axes. The treatm ent already given of the optics of such a system enables one now to determine whether or not the secondary layer (i.e. the second crystalline plate) is homogeneous or not. Knowing (primary layer) and A (whole wall) and the angle ccx between the major extinction positions of the primary layer and the whole wall A 2 can be calculated (secondary layer only), and the angle between the major extinction position of the secondary wall alone and th a t of the whole wall. Hence the slope of the spiral along which the major extinction position of the secondary wall lies can be determined. This can then be I checked against the observed direction of the steep striations.
In table 1 is presented a representative set of determinations in water. I t is [impossible to present any corresponding test for material in xylol-monobromnaphthalene mixtures, for striations are then not visible with sufficient clarity; the results are included as far as they go, however, for the sake of completeness. In those cases in the table marked *, there was the clearest possible evidence th a t a good deal of the inner lamellae of the secondary layer had also been removed , from the piece of wall under investigation (this is indicated in the table itself by |the low phase difference); so th a t there remained only the outer lamellae of the secondary layer together with the adjoining prim ary layer. Confining attention first to these cases, it is seen th a t the agreement between the calculated major extinction position and the striation direction is definitely good. I t is agreed th a t the uncertainty in the calculated major extinction position involved in the unavoid able observational errors leaves something to be desired; b u t it is striking th a t the means are never far removed from the figure for the observed striation direction and, noting the relatively large discrepancy between the observed major extinction position and the striation direction (columns 5 and 6), there is little doubt th a t any layer in the secondary wall whose cellulose chains approach the transverse position m ust be much thinner, a t most, than the layer here designated primary. I t is particularly to be stressed th a t since a large portion of the secondary layer is stripped from the wall, this means th a t the large bulk of the outer secondary lamellae m ust have cellulose chains running in steep spirals. Turning now to those .cases in which the phase differences of the secondary layer are greater, it is not possible to be sure th a t even here one is dealing with the whole secondary layer; bu t even with the greatest phase difference (Late 8, 10) the agreement is just as good. In particular it may be noted th a t Late 2 and Late 7 refer to the same cell, as do also Late 6 and Late 10; and the occurrence of more of the secondary layer in 7 than in 2 and in 10 than in 6 has introduced no impairment in the agreement. This means in tu rn th a t the innermost lamellae of the secondary layer are to all intents homogeneous in structure. Therefore it m ay be concluded th a t there is, in fact, no optical evidence here th a t any secondary wall layer with transversely oriented cellulose chains is more than vanishingly small in extent.
C.
The relation between the primary and the secondary layers. I t appears, th ere fore, th a t in Pinus insignis there is a clear-cut distinction between the primary layer in the tracheid wall and the secondary layer. It, nevertheless, seems desirable to consider whether, in spite of the differences in cellulose chain direction, the orientation of the chains in the secondary layer is still in some way affected by th a t in the prim ary layer. A connexion of this kind can be assessed by means of the correlation coefficient. In view of the relative scantiness of the data presented above, an additional th irty ancillary determinations were made of the striation directions in the same material, again in water, the steep and the flat striations being measured a t the same point in the same wall of each individual tracheid.
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This new group of data and the old were examined separately and found to be statistically identical. The two groups are pooled here, and the statistics given refer ' to the whole body of data. figure 4 ) is 98-2° ± 0-3° and the correlation coefficient of iwith 0 is -0*1 (P > 0*1). to note th at the variance of the chain direction in outer layers is markedly less than th a t of inner layers (standard deviations 5*2 and 8-3 respectively). I t 1 appears, therefore, th a t while the cellulose chains in the primary layer are oriented more or less transversely, those in the secondary layer deposited later are directed by some mechanism outside the primary layer. The two layers are therefore deposited by mechanisms which are either different manifestations of the same fundamental process or are entirely different and independent.
D i s c u s s i o n
These newer observations, while removing the basis of the previous'simple and intelligible picture of elongation as the controlling factor in orientation of cellulose chains in the secondary wall of conifer tracheids, nevertheless have the satisfactory effect of bringing the tracheids into line with other cell types where a similar state of affairs is suggested. Whether this conclusion should be generalized to cover tracheids of other conifer species remains to be seen; bu t the morphological simi larity alone between tracheids of different species would raise doubt whether they can differ very much with regard to such fundamental attributes as cellulose organization. There is, in fact, the evidence of Bailey & Berkeley (1942) th at two sets of striations are visible on the walls in other species, and these may well turn out to be of the kind involved here. I t seems therefore very likely th at the same condition will obtain in conifer tracheids generally as have been found here in Pinus insignis. I t is rather surprising, therefore, th a t in none of the species examined by the writer before this present species was there any divergence between major extinction position and striation direction, such as would have led to the suspicion of the presence of transversely oriented cellulose chains. This is no doubt due in part to the low visibility of striations in material mounted in balsam, but failure ever to detect delicate lamellae standing out from the wall can only be explained either on the assumption th a t the primary layers in the species then used were extremely fragile, or th at the treatm ent had removed the primary layer from the parts of the cells examined. Extensive removal of the primary layer has in fact been observed in the present work.
No strict comparison is as yet to be made with the 'crossed fibrillar' structure so marked in some algae (Preston & Astbury 1937; Nicolai & Frey-Wyssling 1938; Astbury & Preston 1940) , since in these walls the 'transverse' layers are repeated many times and are present in a secondary (in the sense of thickening) layer. The lack of correlation between the striation directions observed in the present paper in contrast to the strong correlation observed in would alone suggest th a t the two cases are a t least not strictly parallel.
In the previous work on the tracheid (Preston 1934) , where the equation L = K cot 6 was first established, it was suggested th a t the cambial initial was wound with a molecular spiral similar to th a t of the secondary layer later deposited governing, by a sort of pseudocrystallization, the orientation in the secondary layer. The gradual elongation of the initials described by Sanio and abundantly verified by Bailey (1915 Bailey ( , 1920 would then cause the progressive decrease in 6 demanded by the equation. Now th a t the cellulose chains in the prim ary layer are recognized as running more or less transversely, this direct connexion between elongation and wall structure is no longer possible. This is still, however, not to say th a t elongation has no p art to play. On the contrary, although in the earlier work 6 was measured optically as the m ajor extinction position of the whole wall (secondary + prim ary layers), the results of the present paper show th a t this would introduce no error large enough to vitiate the relation, particularly if, a t the ends of the cells cut open and examined, the prim ary wall had indeed been removed. The correlation between tracheid length in any one annual ring and the inclination of the cellulose chains still stands in the form proposed in 1934; the interpretation must, however, be rather different. This will be the subject of a later paper when the facts them selves have been verified by an X -ray method.
A t the moment, more stress is to be laid on the apparent restriction of tra n s versely oriented chains to the prim ary wall alone. The secondary wall would appear to be quite uniform in chain direction, so th a t an abrupt break is seen in orientation between the prim ary layer and the secondary layer. This recalls a similar state of affairs reported for other cell types in the literature and already quoted. The evidence in the present paper suggests th a t the chains in the prim ary layer are laid down in directions which may vary on either side of the transverse plane bu t are, on the whole, removed from the transverse. The chains of the secondary layer are then deposited a t an angle to the transverse which is comparatively large and quite independent of the set of chains already deposited in the prim ary layer.
We have then again under review a prim ary wall with cellulose chains lying approxim ately transversely. While it is to be remembered th a t prim ary walls are known in which this orientation is not maintained, the occurrence of such walls with m aintained transverse orientation makes this a point of some general interest. Mechanisms whereby cellulose chains may be oriented transversely in growing cells have been suggested from time to tim e by various authors and from several points of view. The older ideas of the possible connexion of protoplasmic streaming with orientation (Denham 1923) , while supported by the current conception of streaming as normal in plant cells and not a pathological symptom as was once thought, has been rejected on apparently good grounds (Martens 1932-3) , and more recent modifications of this thesis (van Iterson 1936) Castle 1937; van Iterson 1937) have independently suggested a mechanism of a different type. I t is pointed out th a t in a cylindrical cell, expanding under internal pressure and with no external resistance to be overcome other than th a t in the cell wall, the stress in the wall is twice as great transversely as longitudinally, and it is therefore suggested th a t the cellulose chains are oriented transversely on this account. There is, of course, no doubt about the distribution of stress in such a cylinder; the facts are well established in hydrostatics and can be exemplified by the occasional bursting of gas cylinders-the cylinder always splits like a pea pod and never transversely. I t is, however, by no means clear th a t the hypothesis as a whole contains anything more than a fortuitous concomitance of two vectors similarly oriented b u t otherwise not, or only distantly, related. In the first place, one may contrast the fact th a t the ' transverse ' sets of chains are actually removed from the transverse by an angle whose average is about 11° in the tracheids observed here (and is of the same order in Cladophora arcta (Astbury the stress in a cylinder would be greatest exactly along the transverse plane. In the second place it would seem th a t the stress would have to be borne by the wall alone to be effective, though even then it is difficult to conceive of orientation by stress alone; yet it is clear th a t in the cambial initials the bulk of the stress may actually be borne by the neighbouring solid tissues. In the third place, it seems to be a feature of the theory th a t orientation is not after all caused by stress in itself but by the strain which the stress produces. This is expressed more specific ally by Diehl, Gorter, Iterson & Kleinhoote (1939) (see, for example, the reference to the rubber model, figure 39 ) and again by Maas Geesteranus (19416) . If then the transverse strain was suppressed by barriers, then the consequent reduction in strain would presumably result in a corresponding reduction in the degree of tangential orientation. I t is to be noticed th a t the tangential walls of conifer tracheids, unlike the radial walls, have never undergone any marked degree of lateral strain; yet there is no evidence of any difference between radial and tangential prim ary layers in cellulose chain orientation. In this connexion it may be noted th a t since the walls usually undergo some longitudinal strain, both during the growth of the initial and differentiation of the tracheid (Klinken 1914; Bailey 1915 Bailey , 1920 , then the cellulose chains here might be expected to be oriented longi tudinally (just as, to revert to the rubber model of Diehl et al., squares inscribed on a cylindrical balloon inflated inside a glass cylinder would become rectangles with their longer edges longitudinal, instead of transverse as in the unrestricted inflation), which is contrary to observation. In this regard it is to be noted th a t while Maas Geesteranus (19416) , in his study of the stellate pith cells of attributes transverse orientation in the cell arms to transverse strain resulting probably from turgor, he nevertheless observes th a t the increase in birefringence in the arms of growing cells (which he attributes to an increasing preference of the cellulose chains for transverse orientation, for which there is in any case no evidence) is correlated with
. l e n g t hi ncrease. His figures in the first paper (Maas Geesteranus 1941a) indicate th a t transverse stretching is negligible compared with the longitudinal. Lastly, if one may be allowed to refer to the some what different case of Valonia and Cladophor the curv egg-shaped vesicles of Valo7iia and a t the apices of the filaments of is very much reduced, and yet in Cladophora a t least there is transverse orientation par excellence. The present writer is convinced th a t the features underlying tran s verse orientation, and, indeed, orientation generally, will be found to be associated with something much more fundam ental than simple mechanics. I t has already been suggested th a t in seeking the mechanism of chain orientation it is necessary to go back to the cytoplasmic surface (Preston 1939, 19416) , a conception which was foreshadowed by Sponsler (1934) , and some evidence in the literature of orientation in this surface has already been pointed out (Astbury & Preston 1940) . If the generalization be accepted th a t the change in orientation from transverse to steeply spiral occurs a t the primary-secondary layer interface, then, as a con sequence, it is necessary to conceive of some change in the cytoplasmic surface occurring a t about the time secondary wall deposition begins. The condition of the cytoplasm a t about this time might well therefore repay closer examination. At the moment, several changes are reputed to occur at about this time. Vacuolation has just occurred a t a rather rapid rate, cell distension and cell division have just ceased, and the cytoplasm has possibly ceased to adhere strongly to the wall since plasmolysis has become easily possible. The only one of these factors which seems common to all cell types (including the algae) where tra n s verse chains are known to occur seems to be the cessation of division. I t seems very possible th a t the organization of the cytoplasm may be different during division and during the resting stage. Several statem ents have been made th a t the viscosity changes during division and, though this might arise from any one of a number of factors, it does a t least indicate a change in condition. The most notable feature associated with cell division is, of course, the appearance and progressive shortening of the chromosomes. If the view is adopted th a t the extended chromo some is a bundle of parallel protein chains and th a t its contraction harmonizes w ith the known properties of fibrous proteins (Manton 1945), then it is not impossible th a t the sequence of events in nuclear division is symptomatic of similar events proceeding, a t a lower scale of size, in the cytoplasmic proteins also. A t various stages the chromosomes show a greater or less degree of spiralling, and it m ay therefore be significant th a t spirals have already been reported in the cytoplasm (Francis 1940) .
While it would not be profitable to pursue this argum ent further a t this time, there are perhaps one or two points which might be mentioned with regard to the subsequent history of the transverse chains as the cell (in this case the cambial initial) elongates. In many elongated cells the elongation is accompanied by w ater absorption into vacuoles, and under these conditions, in those cases which have been studied, the dry weight of the elongating organ increases during vacuolation (Blank & Frey-Wyssling 1944; Preston & Clark 1944) , as does also the protein content (Blank & Frey-Wyssling 1944) , but not sufficiently to keep the dry weight per unit length constant (Preston & Clark 1944) .* Similarly, in elongating oat coleoptiles the dry weight of the wall material increases, bu t again not in pro portion to the increase in length (Preston & Clark 1944) , so th a t the wall weight per unit cell length decreases as the cell elongates. These observations, together with those of Bonner (1934) , show th a t elongation occurs in coleoptiles without a corresponding increase in wall material. This suggests th a t the active factor in cell elongation is not wall growth, and it m ust be presumed th a t the wall is stretched passively by turgor pressure in the cell. This aspect of cell growth has recently been again examined by Frey-Wyssling (1945) , who concludes th a t the forces do not arise purely osmotically but involve also w hat may be called, for lack of a better term, 'v ita l' forces. The author finds himself in complete agreement in view of the work of Bennet-Clark and his collaborators (Bennet-Clark, Greenwood & Barker 1936; Bennet-Clark & Bexon 1940 , 1943 . The effect which tensions produce on the wall are, however, somewhat more difficult to visualize. In the cambial initials, which elongate without the appearance of extensive vacuoles, it is not clear in any case th a t the above conditions apply. If it is assumed, nevertheless, th a t here too growth involves passive stretching of the wall, then some difficulties are immediately obvious. The cellulose in these prim ary walls is undoubtedly present as 'micelles' more or less as in the secondary walls. This has already been shown for cotton (Sisson 1937) and is shown here for conifer cambium f in figure 5 , plate 12. In comparison with typical secondary wall cellulose (e.g. cotton hairs, figure 6, plate 12), the micelles would appear to be rather smaller as is also suggested by the fact th a t the extracted cambial cellulose from ground material forms papery sheets instead of the fine powder of secondary wall cellulose. Presumably these micelles in the wall are linked by chains running from one micelle to another through the ' intermicellar ' spaces. If they are imagined to lie, on an average, transversely, then it is easy to conceive of the longitudinal separation of these cellulose 'rings' by longitudinal extension, leaving room therefore for synthesis or deposition of new micelles in the wall. The position is, however, somewhat different if, as here, the mean orientation of the micelles is in a line tilted considerably to th e transverse plane. If, with Frey-Wyssling, the run of the dispersed micelles is represented by sinuous, instead of straight lines, then it is clear th a t mere change in length of the cell will have two effects: (a) the spiral will be pulled out steeper and (6) the angular dispersion will be reduced. As the first does not apparently occur, then either the diagrammatic representation of the wall is wrong or there is something more involved than mere change in dimension, or both. I t must be remembered th a t the micelles are linked laterally and obliquely by the chains traversing the intermicellar spaces, and these m ust also be taken into consideration when the micelles themselves are displaced during growth. I t is not impossible to set up a theoretical distribution of these lateral linkages in such a way th a t elongation of a cell involves no tilting of the micelles. Much more detailed know ledge of the organization of these growing walls is needed, however, before any final judgement can be made. E x p l a n a t i o n o p P l a t e 1 2 F ig u r e 5. X -ra y diag ram of cellulose e x tra c te d from th e cam bium of P in u s sylvestris. F ig u r e 6. X -ra y diag ram of c o tto n cellulose; th e specim en here is cotton-w ool rolled into a pellet in order to give a 'p o w d e r' diag ram com parable to th a t in figure 5. (N ote th a t the specim en-film distan ce is ra th e r less here th a n in figure 5.)
T he tw o diagram s each show : a stro n g o u ter circle, corresponding to planes of spacing 3-9 A, w ith a circle of lower in te n sity ju s t w ithin it; w ithin these lie tw o sm aller circles, corresponding to planes spaced 5-4 an d 6*1 A a p a rt respectively. All th e spacings recorded on th e tw o p h o to g rap h s are identical, th e sole differences being th a t in figure 5 th e circles are less well defined a n d th e b ack g ro u n d is stronger. This shows th a t th e m aterial e x tracted from th e cam bium is ty p ic a l cellulose, b u t im plies th a t th e micelles are sm aller, an d th e proportion of no n -crystalline m aterial larger, th a n in th e secondary w all cellulose of cotton.
Influence of steroid horm ones on the sensitivity of adrenalectom ized mice to procaine Of the m ice untreated w ith the steroids, a certain num ber survived adrenalectom y and the procaine test indefinitely. This percentage was significantly increased in the anim als prepared w ith the protecting sex steroids, but w as decreased to zero in the group treated wdth d esoxy corticosterone acetate.
Certain doses of procaine produce a fall of body tem perature, the extent of which is independent of the other symptoms. This fall is, probably, the result of a shock to the autonomic nervous system and can be inhibited by thyroxin and by the endogenous thyroid hormone (Glaubach & Pick 1931 , 1935 Peczenik, Popper & Schmid 1941) .
The experiments described below were concerned with the question whether the adrenal cortex protects against the alkaloid. The question was provoked by papers which have shown the im portant p art played by this gland in the regulation of body tem perature (Selye & Schenker 1938; Tyslowitz & Astwood 1942; Roos 1943) . I t emerged th a t adrenalectomy significantly strengthened the action of procaine on body tem perature. On the ground of this result adrenalectomized mice injected with procaine were used to test the temperature-m aintaining action of desoxy corticosterone acetate and of some allied steroids, the protective power of which, in adrenalectomized animals, is unknown or contested (Swingle, Parkins, Taylor, Hays & Morrell 1937; Swingle & Remington 1944) .
